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Abstract ____________________________________________
This paper synthesizes available information on the effects of hazardous fuel reduction treatments on 
terrestrial wildlife and invertebrates in dry coniferous forest types in the West. We focused on thinning 
DQGRUSUHVFULEHG¿UHVWXGLHVLQSRQGHURVDSLQHPinus ponderosaDQGGU\W\SH'RXJODV¿UPseudotsuga
menziesii ORGJHSROHSLQHPinus contorta), and mixed coniferous forests. Overall, there are tremendous 
gaps in information needed to evaluate the effects of fuel reduction on the majority of species found in our 
focal area. Differences among studies in location, fuel treatment type and size, and pre- and post-treat-
ment habitat conditions resulted in variability in species responses. In other words, a species may respond 
positively to fuel reduction in one situation and negatively in another. Despite these issues, a few patterns 
GLGHPHUJHIURPWKLVV\QWKHVLV,QJHQHUDO¿UHGHSHQGHQWVSHFLHVVSHFLHVSUHIHUULQJRSHQKDELWDWVDQG
species that are associated with early successional vegetation or that consume seeds and fruit appear 
WREHQH¿WIURPIXHOUHGXFWLRQDFWLYLWLHV,QFRQWUDVWVSHFLHVWKDWSUHIHUFORVHGFDQRS\IRUHVWVRUGHQVH
understory, and species that are closely associated with those habitat elements that may be removed or 
consumed by fuel reductions, will likely be negatively affected by fuel reductions. Some habitat loss may 
persist for only a few months or a few years, such as understory vegetation and litter that recover quickly. 
The loss of large-diameter snags and down wood, which are important habitat elements for many wildlife 
and invertebrate species, may take decades to recover and thus represent some of the most important 





Cover inset photo: Black-backed woodpecker. Photo by Evelyn Bull.
You may order additional copies of this publication by sending your 
mailing information in label form through one of the following media. 





Mailing Address Publications Distribution
Rocky Mountain Research Station
240 West Prospect Road
  )RUW&ROOLQV&2
Foreword ______________________
This document is part of the Fuels Planning: Science
Synthesis and Integration Project, a pilot project initiated
by the USDA Forest Service to respond to the need for
WRROVDQGLQIRUPDWLRQXVHIXOIRUSODQQLQJVLWHVSHFL¿F
fuel (vegetation) treatment projects. The information
addresses fuel and forest conditions of the dry inland
forests of the Western United States: those dominated
E\SRQGHURVDSLQH'RXJODV¿UGU\JUDQG¿UZKLWH¿U
and dry lodgepole pine potential vegetation types.
,QIRUPDWLRQZDVGHYHORSHGSULPDULO\IRUDSSOLFDWLRQDW
WKHVWDQGOHYHODQGLVLQWHQGHGWREHXVHIXOZLWKLQWKLV
IRUHVW W\SH UHJDUGOHVV RI RZQHUVKLS 3RUWLRQV RI WKH
LQIRUPDWLRQDOVRZLOOEHGLUHFWO\DSSOLFDEOHWRWKHSLQ\RQ
SLQHMXQLSHU SRWHQWLDO YHJHWDWLRQ W\SHV 0DQ\ RI WKH
concepts and tools developed by the project may be
useful for planning fuel projects in other forests types.
,QSDUWLFXODUPDQ\RIWKHVRFLDOVFLHQFH¿QGLQJVZRXOG
have direct applicability to fuel planning activities for
forests throughout the United States. As is the case
in the use of all models and information developed for
VSHFL¿FSXUSRVHVRXUWRROVVKRXOGEHXVHGZLWKDIXOO
understanding of their limitations and applicability.
 The science team, although organized functionally,
ZRUNHGKDUGDWLQWHJUDWLQJWKHDSSURDFKHVDQDO\VHV
and tools. It is the collective effort of the team members
WKDWSURYLGHVWKHGHSWKDQGXQGHUVWDQGLQJRIWKHZRUN
Wildlife and Invertebrate Response to Fuel Reduction
Treatments in Dry Coniferous Forests of the Western
United States: A Synthesis
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Introduction ____________________
 The National Fire Plan (USDA and USDI 2001) and the
Healthy Forest Restoration Act (HFRA 2003) mandate federal
land managers to restore forest habitats and to reduce risk
RIZLOGÀUHRQIHGHUDOODQGVSDUWLFXODUO\DORQJWKHZLOGODQG





(Graham and others 2004; USDA 2003). Hazardous fuels are
JHQHUDOO\FRQVLGHUHGWREHVWDQGLQJDQGGRZQGHDGZRRG















 Fire regimes in dry coniferous forests of the West have
EHHQFKDUDFWHUL]HGDVKLVWRULFDOO\KDYLQJORZLQWHQVLW\ÀUHV




Wildlife and Invertebrate Response
to Fuel Reduction Treatments in Dry
Coniferous Forests of the Western








torta) and other more moist higher elevation forests likely
EXUQHG RYHU ODUJHU VSDWLDO VFDOHV DW KLJKHU LQWHQVLW\ DQG
OHVV IUHTXHQWO\ WKDQ SRQGHURVD SLQH IRUHVWV $JHH 









































values and commitments and considering existing and future




FRQVHTXHQFHV DQG GHWHUPLQH DOWHUQDWLYHV +RZHYHU WKH
amount and kind of background information available for
most treatments and access to that information is often a
OLPLWDWLRQ WR WKLV SURFHVV1HZ WRROV DUH EHLQJ GHYHORSHG
WRDVVLVWPDQDJHUVLQHYDOXDWLQJWKHVRFLDOHFRQRPLFDQG










structures and conditions which mimic natural disturbance
SDWWHUQVDUHFUHDWHGZKLFKPLJKWEHPRUHOLNHO\WRVXSSRUW
JUHDWHU VSHFLHV GLYHUVLW\ WKDQ ODUJH KRPRJHQHRXV VWDQGV















XQGHU WKH1DWXUDO+HULWDJH 3URJUDP V\VWHP %LRGLYHUVLW\
1HWZRUN HOHPHQW UDQNLQJ V\VWHP 0DVWHU  ,I WKHUH
LVFRQYLQFLQJHYLGHQFHWKDWDOLVWHGRUSURSRVHGVSHFLHVRU
LWVFULWLFDOKDELWDWFRXOGEHDGYHUVHO\DIIHFWHGE\DSURMHFW
What is ecological restoration?









The restored ecosystem may not necessarily recover its former
VWDWHVLQFHFRQWHPSRUDU\FRQVWUDLQWVDQGFRQGLWLRQVFDQFDXVH
LWWRGHYHORSDORQJDQDOWHUHGWUDMHFWRU\µ
—Adapted from Clewell and others (2005). Ecological 
Restoration Society International: Guidelines for developing 
and managing ecological restoration projects, 2nd edition.









ers to avoid lengthy assessments if management actions are




































synthesis is a reduction in the density of understory trees
through the removal of selected trees and shrubs. We rarely
UHIHU WR WKH VSHFLÀF WKLQQLQJ SUHVFULSWLRQ LQ GLVFXVVLQJ
WKLQQLQJHIIHFWV)RUWKHPRVWSDUWWKLVSDSHUGRHVQRWDG
GUHVVSUHFRPPHUFLDOWKLQQLQJLQWKHPRUHWUDGLWLRQDOVHQVH
of a silvicultural treatment done to reduce stand density of
\RXQJHYHQDJHGWUHHVWRLPSURYHJURZWKRIUHVLGXDOWUHHV
for later harvest.
 7KLQQLQJPD\EHPRUH DSSURSULDWH WKDQSUHVFULEHGÀUH
ZKHUHXQGHUVWRU\WUHHVDUHVRODUJHRUGHQVHWKDWDWWHPSWV
WRNLOOWKHPZLWKÀUHZRXOGUXQDKLJKULVNRIDOVRNLOOLQJ





ZLWK WKLQQLQJ WKDQZLWKÀUH+RZHYHU WRDFFRPSOLVK IXHO
WUHDWPHQWREMHFWLYHVLWLVOLNHO\WKHUHZLOOEHVRPHUHGXFWLRQ
LQVQDJVDQGGRZQZRRGLQPRVWRSHUDWLRQV
Figure 1—Forest cover types of the western United States. National Atlas of the United States, March 5, 2003, 
http://nationalatlas.gov
4 USDA Forest Service Gen. Tech. Rep. RMRS-GTR-173. 2006
Figure 2²$QH[DPSOHRIDSUHVFULEHG¿UHWKDWUHVXOWHGLQWKH












WHULVWLFV LQFOXGLQJ WKH VSDWLDOGLVWULEXWLRQDQGDYDLODELOLW\
RIOLWWHUGRZQZRRGVQDJVDQGYHJHWDWLRQ-DLQDQGRWKHUV
ÀJ,QPRVWFDVHVSUHVFULEHGÀUHUHVXOWVLQLQFUHDVHG
VWUXFWXUDO FRPSOH[LW\ DQG KDELWDW KHWHURJHQHLW\+RZHYHU
PXOWLSOHHQWULHVZLWKSUHVFULEHGÀUHUHSHDWHGEXUQLQJZKLFK
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Wildlife and Invertebrate Responses

































of fuel reduction in the future. The Fire and Fire Surrogate
))6SURMHFWLVDORQJWHUPVWXG\GHVLJQHGWRXQGHUVWDQGWKH
effects of alternative methods for fuel reduction and forest
restoration at 13 study sites across the United States (www.
IVIHGXVIIV7KH%LUGVDQG%XUQV1HWZRUNLVLQYHVWLJDWLQJ
WKHHFRORJLFDOFRQVHTXHQFHVRIÀUHPDQDJHPHQWRQZLOGOLIH




 2YHUDOO GLUHFW PRUWDOLW\ RI ZLOGOLIH RZLQJ WR FUXVKLQJ


















WKDW D SODQQHG EXUQZLOO OLNHO\ NLOO VRPH LQGLYLGXDOV DQG
WKDWPRUWDOLW\FDQEHVLJQLÀFDQWIRUVRPHSRSXODWLRQV)RU
H[DPSOHDIWHUDURDGVLGHEXUQLQ)ORULGDSHUFHQWRI
RIHDVWHUQJODVVOL]DUGVOphisaurus ventralis) found in





LW ZLOO XQGRXEWHGO\ UHVSRQG WR FKDQJHV LQ HQYLURQPHQWDO
DQGKDELWDWFRQGLWLRQV$QLPDOUHVSRQVHVWRHQYLURQPHQWDO
FKDQJHRIWHQYDU\DQGGHSHQGXSRQFKDUDFWHULVWLFVRIERWK
the animal and the disturbance (or in this case treatment).
7KHUHIRUH LW LV GLIÀFXOW WR JHQHUDOL]H DERXW WKH SRWHQWLDO









FDQRS\IRUHVWV IRU VXUYLYDO DQG UHSURGXFWLRQ DUH OLNHO\ WR
be detrimentally affected by fuel treatments that alter these
















immediate effect of fuel reduction will be a change in the
VWUXFWXUHRIYHJHWDWLRQ)RUH[DPSOHWKHUHPRYDORIVKUXEV
6 USDA Forest Service Gen. Tech. Rep. RMRS-GTR-173. 2006
Table 1²6WUXFWXUDOIHDWXUHVRIZLOGOLIHDQGLQYHUWHEUDWHKDELWDWVDOWHUHGE\IXHOUHGXFWLRQWUHDWPHQWV
Treatment
Habitat Element Thinning Prescribed Fire
7UHHV  'HFUHDVHGGHQVLW\EXWQXPEHUDQGVL]HVRI
trees removed depends on method
  *HQHUDOO\VPDOOWUHHVUHPRYHGODGGHUIXHOV
DQGVRPHUHGXFWLRQLQFDQRS\FRQWLQXLW\





• Regrowth within 1-10 years
)RUEVDQG*UDVVHV  0LQLPDOGLVWXUEDQFHH[FHSWZKHUHWUDPSOLQJ
VNLGGLQJRUSLOHEXUQLQJ
• Regrowth within 1-2 growing seasons
• Potential for invasive plants
/LWWHUDQG'XII  *HQHUDOO\PLQLPDOGLVWXUEDQFH












• Mortality of small diameter trees
  'HFUHDVHGGHQVLW\EXWKLJKO\YDULDEOHGXH
WRYDULDELOLW\LQIXHOV







• Regrowth within 1-10 years
• Minimal mortality, mostly loss of above-
JURXQGELRPDVV
• Regrowth within 1-2 growing seasons




holding capacity, and other properties
• Variable heating to soils
• Possible erosion on steeper slopes
  9DULDEOHEXWJHQHUDOO\ODUJHUVQDJVDUHQRW
FRQVXPHG
• Many small-diameter snags created, most of 
ZKLFKDUHWRRVPDOOIRUPRVWZLOGOLIHWRXVH
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and small trees increases the height to the crown base and
HOLPLQDWHVRQHRUPRUHOHYHOVRIYHJHWDWLRQVWUXFWXUH2YHU
ORQJHU WLPHVFDOHV UHSHDWHG WKLQQLQJ RU SUHVFULEHG ÀUH RU













allow full recovery of herbaceous biodiversity and biomass
$OOHQDQGRWKHUV%HOVN\DQG%OXPHQWKDO
 ,PSOHPHQWDWLRQ RI DQ\ WKLQQLQJ RU SUHVFULEHG EXUQLQJ












it is unclear if this includes both live and dead trees.
Figure 3²6QDJ SUHYLRXVO\ XVHG DV D QHVWURRVW IRU SLOHDWHG ZRRGSHFNHUV LQDGYHUWHQWO\ EXUQHG GXULQJ
SUHVFULEHG¿UH3KRWRE\(YHO\Q%XOO














forests in the West are the mountain lion (Felis concolor
bobcat (Lynx rufusZROICanis lupusFR\RWHCanis la-
trans black bear (Ursus americanusJUL]]O\EHDUUrsus 
arctos horriblis ÀVKHU Martes pennanti DQG$PHULFDQ
marten (Martes americana). Wolverine (Gulo luscus) and
lynx (Lynx canadensis) may occasionally wander through
GU\ IRUHVW W\SHV EXW JHQHUDOO\ LQKDELW FRROHU FRQLIHURXV
















Dolichovespula VS@ REWDLQHG SULPDULO\ IURP GRZQ ORJV
%XOODQGRWKHUVE$GHFUHDVHLQGRZQZRRGZRXOG
UHVXOWLQIHZHUDQWVDQG\HOORZMDFNHWQHVWVDYDLODEOHWREODFN































DQG GRZQ ZRRG XVHG IRU IRUDJLQJ RQ DQWV DQG
ZDVSV3KRWRFRXUWHV\RI2UHJRQ'HSDUWPHQWRI
Fish and Wildlife.
9USDA Forest Service Gen. Tech. Rep. RMRS-GTR-173. 2006
Ungulates
 1RUWK $PHULFDQ XQJXODWHV LQFOXGLQJ GHHU Odocoileus 
VSSHONCervus canadensisPRRVHAlces alcesPRXQ
tain goats (Oreamnos americanusDQGELJKRUQVKHHSOvis 
canadensisDUHJHQHUDOO\DVVRFLDWHGZLWKDPRVDLFRIRSHQ
areas used for foraging and forested areas used for cover.














for mule deer (O. hemionus) &KDPEHUVDQG*HUPDLQH
,QQRUWKHUQ$UL]RQDIXHOUHGXFWLRQUHVXOWHGLQUHGXFHGXVHRI
GD\EHGVE\PXOHGHHUIRU\HDUVSRVWWUHDWPHQW*HUPDLQH






RI EURZVH YHJHWDWLRQ %HQW] DQG:RRGDUG  (DVWHUO\
DQG-HQNLQV5LJJVDQGRWKHUV,QDQDVSHQVWDQG
LQ,GDKRDSUHVFULEHGÀUHJUHDWO\LPSURYHGWKHDPRXQWDQG
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Small Mammals
 &RYHUDQGIRRGUHVRXUFHVDUHERWKHVVHQWLDOWRVPDOOPDP
PDO SRSXODWLRQV 6KUXEV GRZQ ZRRG DQG VQDJV SURYLGH
LPSRUWDQWFRYHU IURPSUHGDWRUVDQG WKXV WKH ORVVRI WKHVH
habitat elements may have negative consequences for some
VPDOOPDPPDO VSHFLHV &KDPEHUV  +RZHYHU RWKHU
VSHFLHVSUHIHURSHQKDELWDWFRQGLWLRQVDQGPD\EHQHÀWIURP
WKH IRRG UHVRXUFHV SURYLGHG E\ HDUO\ DQGPLGVHUDO IUXLW
SURGXFLQJVKUXEVDQGWKHSOHQWLIXOJUDVVHVDQGIRUEVWKDWPD\
establish after fuel reduction. Fisher and Wilkinson (2005)
SUHVHQWHGDQH[WHQVLYHUHYLHZRIWKHHIIHFWVRIGLVWXUEDQFH





dominant in the later successional stages. When a decline in
DEXQGDQFHRIDSDUWLFXODUVSHFLHVGRHVRFFXULWLVW\SLFDOO\
RZLQJWRDUHGXFWLRQLQPRLVWXUHDQGWKHUPDOFRYHUZKLFK
can be a result of changes in coarse woody debris and in the
herb and shrub layers (Fisher and Wilkinson 2005). A study
LQ%ULWLVK&ROXPELD UHSRUWHG WKDW IXHO UHGXFWLRQ LQ\RXQJ
ORGJHSROHSLQHIRUHVWVLQFUHDVHGWKHULFKQHVVDQGGLYHUVLW\
RIVPDOOPDPPDOVSUREDEO\DVDUHVXOWRILQFUHDVHGKDELWDW











0HGLQ DQG%RRWK :RROI  ÀJ &RQYHUVHO\
UHGEDFNHGYROHVKDYHEHHQ VKRZQ WRGHFOLQH DIWHU VWDQGV
DUH FOHDUFXW EXW DSSHDU WR FRQWLQXH WR XVH VHOHFWLYHO\ FXW
VWDQGVDW OHDVW LQPRLVW IRUHVW W\SHV &DPSEHOODQG&ODUN
6WHYHQWRQDQGRWKHUV,QDORGJHSROHSLQHDQG
PL[HGFRQLIHUIRUHVWLQQRUWKHDVWHUQ2UHJRQDFRPPHUFLDO
thinning designed as a fuels reduction treatment resulted in
DQLQFUHDVHLQFKLSPXQNVDQGDGHFUHDVHLQUHGEDFNHGYROHV
red squirrels (Tamiasciurus hudsonicusDQGVQRZVKRHKDUHV
(Lepus americanusRQH\HDUDIWHUWKLQQLQJ%XOODQG%OXPWRQ
ÀJ+DUHVFRQWLQXHGWRXVHYHU\VPDOOSDWFKFXW
VWDQGV PZLGH FLUFXODU FXWV LQWHUVSHUVHG LQXQWKLQQHG


















Figure 6²&KLSPXQNV W\SLFDOO\ ÀRXULVK DIWHU GLVWXUEDQFH HYHQWV OLNH
WKLQQLQJDQG¿UH3KRWRE\(YHO\Q%XOO






cinerea occidentalis) habitat in dry forests of eastern Wash
LQJWRQGXH WR WKHLUDVVRFLDWLRQZLWKDEXQGDQW ODUJHVQDJV







 Relatively few studies have examined small mammal re
VSRQVHVWRSUHVFULEHGÀUHEXWLQIHUHQFHVFDQEHPDGHIURP
VRPH ZLOGODQG ÀUH HIIHFWV UHVHDUFK 6KRUWWHUP QHJDWLYH
HIIHFWVRIÀUHKDYHEHHQREVHUYHG IRU VKUHZV Sorex VSS
%ODFN DQG+RRYHQ  YROHV Microtus VSS 'LPRFN
 UHGEDFNHG YROHV 6SLOGLH DQG RWKHUV QG UDEELWV
(Lepus VSS VQRZVKRH KDUHV .HLWK DQG 6XUUHQGL 
UHGVTXLUUHOVDQGQRUWKHUQÁ\LQJVTXLUUHOV5HDP,Q
FRQWUDVWGHHUPLFH'LPRFN6SLOGLHDQGRWKHUVQG
FKLSPXQNV SRFNHW JRSKHUV Thomomys VSS DQGJURXQG
squirrels (Spermophilus VSS DUH IDYRUHG E\ GLVWXUEDQFHV
DQGDUHOHVVDIIHFWHGE\SUHVFULEHGÀUHV5HDP7KLV
UHVSRQVH ZDV GHPRQVWUDWHG LQ SRQGHURVD SLQH VWDQGV LQ
6RXWK'DNRWDZKHUHGHHUPLFHLQFUHDVHGWKHÀUVW\HDUDIWHU
D SUHVFULEHGÀUH EXW GHFUHDVHG RU UHPDLQHG WKH VDPH WKH
VHFRQG\HDU%RFNDQG%RFN'HHUPLFHYROHVDQG
FKLSPXQNV DOVR LQFUHDVHG LQ VSUXFH ORGJHSROH SLQH DQG
VXEDOSLQHÀUIRUHVWV LQ%ULWLVK&ROXPELDDIWHUFOHDUFXWWLQJ
IROORZHGE\SUHVFULEHGÀUH6XOOLYDQDQGRWKHUV$OO






Figure 7²5HGEDFNHG YROHVPD\ GHFUHDVH DIWHU WKLQQLQJ DQG ¿UH
3KRWRE\(YHO\Q%XOO






inferences can be made based on the known habitats used by
EDWV/RQJOHJJHGP\RWLVMyotis volansVLOYHUKDLUHGEDWV










UHGXFWLRQ LW LV OLNHO\ WKDW WKLQQLQJRUSUHVFULEHGÀUHPD\
KDYHPLQLPDO RU HYHQ SRVLWLYH HIIHFWV RQ EDW SRSXODWLRQV
GHSHQGLQJRQWKHVWDUWLQJFRQGLWLRQVDQGPDQDJHPHQWKLVWRU\
RIWKHVLWH%R\OHVDQG$XEUH\3DWULTXLQDQG%DUFOD\





















LQ FDYLWLHV LQ ODUJH WUHHVDQGVQDJVKDELWDWV WKDW FRXOG
LQFUHDVHRUGHFUHDVHGHSHQGLQJRQIXHOUHGXFWLRQWUHDWPHQW
0HUOLQ7XWWOH%DW&RQVHUYDWLRQ,QWHUQDWLRQDO,QF







































FOHDUO\ IDYRUHG EXUQHG KDELWDWV ZKHUHDV IROLDJH JOHDQHUV
SUHIHUUHG XQEXUQHGKDELWDWV  VSHFLHVZLWK FORVHG QHVWV




















KDELWDW IRUJURXQGDQG VKUXEQHVWLQJ VSHFLHV $UWPDQDQG
others 2001). Shrubs and ground cover lost during treatment
will likely recover within a few years.
Figure 9²<HOORZZDUEOHUVZLOO OLNHO\EHQH¿W IURP IXHO UHGXFWLRQV LI WDOO
VKUXEVLQFUHDVHZLWKWLPH3KRWRE\'RQ%UDGVKDZ
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 %LUG UHVSRQVHV WR SUHVFULEHG ÀUH DUH GHSHQGHQW RQ WKH
VSHFLHV DQG RWKHU IDFWRUV 6RPH ELUG VSHFLHV SUHIHU HDUO\
VXFFHVVLRQDODQGRSHQKDELWDWVDQGWKHVHVSHFLHVDUHOLNHO\





































VWUXFWXUH UHVXOWLQJ IURP IXHO UHGXFWLRQVEXW WKH ORVVRIQHVWVLWHV LQ
ODUJHGLDPHWHU VQDJV DQG PLVWOHWRH EURRPV ZRXOG EH GHWULPHQWDO
3KRWRE\(YHO\Q%XOO









forests and thus may avoid stands that have been treated
to reduce fuels. The removal of trees with dwarf mistletoe
brooms during thinning treatments will likely be detrimental
WRZLOGOLIHVSHFLHVWKDWQHVWLQPLVWOHWRHEURRPVLQFOXGLQJWKH
great gray owl (Strix nebulosaORQJHDUHGRZOAsio otus
great horned owl (Bubo viginianus QRUWKHUQ VSRWWHGRZO
(Strix occidentalisQRUWKHUQJRVKDZNAccipiter gentilis












achieve high crown base heights (>25 m) and low shrub cover
SHUFHQWWRLPSURYHKDELWDWIRUQRUWKHUQJRVKDZNV)LQQ
DQG RWKHUV  ,Q WKH 6RXWKZHVW %HLHU DQG0DVFKLQVNL
(2003) recommend no restoration activities in the nest area
DKDDUHDDURXQGHDFKQHVWH[FHSWIRUSRVVLEO\WKLQQLQJ
IURPEHORZWRUHGXFHWKHULVNRIVWDQGUHSODFLQJÀUH
 %RWK0H[LFDQVSRWWHGRZOVStrix occidentalis lucida) and
QRUWKHUQVSRWWHGRZOVStrix occcidentalis caurina) are listed
XQGHUWKHIHGHUDO(QGDQJHUHG6SHFLHV$FWDQGDUHIRXQGLQ
GU\ IRUHVW HQYLURQPHQWV0DQDJHPHQW REMHFWLYHV IRU ERWK
VSHFLHV DUH FRQVHUYDWRU\ZLWK OLWWOH DFWLYHPDQDJHPHQW LQ
GHÀQHGDUHDV%\UHGXFLQJWKHULVNWKDWVWDQGUHSODFHPHQW
ÀUHZLOO VZHHS LQWR WKHVH GHÀQHG DUHDV UHVWRUDWLRQ WUHDW

























DQG 2OGHPH\HU  3UHVFULEHG ÀUH GHSHQGLQJ RQ WKH
LQWHQVLW\ZLOOOLNHO\LQFUHDVHWKHQXPEHURIVPDOOGLDPHWHU
VQDJVEXWWKHVHVQDJVDUHJHQHUDOO\OHVVVXLWDEOHKDELWDWIRU
FDYLW\QHVWLQJ ELUGV 3ULPDU\ FDYLW\ QHVWHUV H[FDYDWH QHVW






 ZRRGSHFNHUV LQ SRQGHURVD SLQH IRUHVWV LQ FHQWUDO
2UHJRQ%DWH'L[RQSLOHDWHGZRRGSHFNHUVLQ
0RQWDQD0F&OHOODQGDQGRWKHUVDQGFDYLW\QHVWHUV







 7KHPDMRULW\RI UHVHDUFKVWXGLHV UHSRUW WKDW WKLQQLQJRU
thinning and burning fuel treatments result in a decrease
LQSRSXODWLRQVRIFDYLW\QHVWHUVRZLQJWRORVVRIGHDGWUHHV
used for nesting and roosting. Preliminary results of a study
LQ VRXWKHDVWHUQ %ULWLVK &ROXPELD LQGLFDWH WKDW WKLQQLQJ
WUHDWPHQWV LQ GU\ 'RXJODVÀU DQG SRQGHURVD SLQH IRUHVWV























snag loss was greatest in the large size classes and in the decay
classes (those with decayed heartwood) that contained nest
FDYLWLHV6QDJORVVW\SLFDOO\UDQJHGIURPWRSHUFHQWDQG
Figure 11—The loss of down wood and snags in 
IXHO UHGXFWLRQVZRXOG EH GHWULPHQWDO WR SLOHDWHG
ZRRGSHFNHUV3KRWRE\(YHO\Q%XOO
ORVVRIGRZQZRRGORJVIURPWRSHUFHQWGHSHQGLQJ






this study was greatest in the size (>50 cm dbh) and decay
classes that contained the most nest cavities.
 6RPHVWXGLHVDOVRUHSRUWDVKRUWWHUPEHQHÀWLQFUHDWLQJVQDJV






ZRRGSHFNHUVLQWKHPicoides genus which forage on recently
EXUQHGWUHHV5XGROSKDQGRWKHUVÀJ)LUHVWKDW
GR QRW FRQVXPH ODUJH VQDJVPD\ LPSURYH SRQGHURVD SLQH
KDELWDWIRUEUHHGLQJ/HZLV·VZRRGSHFNHUVMelanerpes lewis)
GXHWRDGHFUHDVHLQFDQRS\FRYHUZKLFKLVSUHIHUUHGKDELWDW
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Figure 12²%ODFNEDFNHG ZRRGSHFNHUV
PRYHLQWREXUQHGDUHDVWRIRUDJHRQEDUNDQG


















bluebird (Sialia mexicana D VHFRQGDU\FDYLW\QHVWHUGLG







cineta thalassina) decreased in abundance and mountain
chickadees (Parus gambeli) increased in abundance when
FRPSDUHGWRQXPEHUVLQDGMDFHQWXQEXUQHGFRQWUROVWDQGV
RYHUWKHVDPHSHULRGV+RUWRQDQG0DQQDQ
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Species Implications—Reptiles
 ,QJHQHUDO UHSWLOHGLYHUVLW\ LV ORZHU LQ IRUHVWHGKDELWDWV










tree lizard (Urosaurus ornatus ZHVWHUQ VNLQN Eumeces 
skiltonianus northern alligator lizard (Elgaria coerulea
garter snakes (Thamnophis VSS PRXQWDLQ NLQJ VQDNH
(Lampropeltis zonataUDFHUColuber constrictorJRSKHU





















\HDU DQG ZDV VWURQJO\ LQÁXHQFHG E\ HDVWHUQ IHQFH OL]DUG
FDSWXUHVZKLFKUHSUHVHQWHGSHUFHQWRIDOOOL]DUGFDSWXUHV
LQIRUHVWHGSORWV7KHKLJKQXPEHUVRIOL]DUGVFDSWXUHGLQ
burned areas have generally been attributed to increases in




















19USDA Forest Service Gen. Tech. Rep. RMRS-GTR-173. 2006





LDQV ODUJHO\GHSHQGVRQ WKHDYDLODELOLW\RIPRLVWGXII DQG
OLWWHUDQGURWWLQJGRZQZRRG8QOLNHUHSWLOHVDPSKLELDQV·
UHVSRQVHWRUHGXFLQJFDQRS\FRYHUZLOOOLNHO\EHOHVVIDYRUDEOH







and toads) may be less affected by changes in environmental



































and giant salamander (Dicamptodon tenebrosus) decreased
LQWUHDWPHQWVWDQGVUHODWLYHWRXQWUHDWHGFRQWUROV,QFRQWUDVW
9UHHODQG DQG 7LHWMH  IRXQG VLPLODU DEXQGDQFHV RI
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 7KHUHLVFRQFHUQWKDWIXHOWUHDWPHQWVPD\FRQWULEXWHÀQH















another study found toads in greater abundances in burned
IRUHVWV.LUNODQGDQGRWKHUV,QQRUWKHDVWHUQ2UHJRQ
GLHWVDPSOHVIURPERUHDOWRDGVLQEXUQHGVXEDOSLQHÀUDQG
ORGJHSROH SLQH IRUHVWV FRQWDLQHG KLJKHU QXPEHUV RI SUH\
LWHPV SHUFHQW DQWV WKDQ VDPSOHV REWDLQHG IURP WRDGV
LQXQEXUQHGIRUHVWV%XOOLQSUHVV,QWKHPLG$WODQWLFDQG
VRXWKHDVWHUQ 8QLWHG 6WDWHV VXEVWDQWLDO UHVHDUFK KDV EHHQ
FRQGXFWHG RQ WKH HIIHFWV RI SUHVFULEHG ÀUH LQ ÀUHSURQH
HFRV\VWHPVDQGIRXQGWKDWÀUHLVLPSRUWDQWIRUPDLQWDLQLQJ
KDELWDWVIRUVHYHUDODPSKLELDQV0HDQVDQG&DPSEHOO
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Species Implications—Invertebrates
General
 The effects of fuel treatments on terrestrial invertebrates in










forested habitats and have diverse functional roles including
GHWULWRYRUHV SUHGDWRUV KHUELYRUHV DQG SROOLQDWRUV 0DQ\
LQYHUWHEUDWHVDUHVSHFLÀFDOO\DVVRFLDWHGZLWKVKUXEVVQDJV
OLWWHUDQGGXIIKDELWDWHOHPHQWVWDUJHWHGLQIXHOWUHDWPHQWV
 0RVW LQYHUWHEUDWHV RFFXS\ GLVWLQFWO\ GLIIHUHQW KDELWDWV
GXULQJWKHLUOLIHF\FOH)RUH[DPSOHVRPHVSHFLHVOLYHEHORZ
ground as immatures and above ground as adults or feed on
YHJHWDWLRQDVLPPDWXUHVDQGWKHQRQÁRZHUQHFWDUDVDGXOWV
%HFDXVHIRUHVWLQYHUWHEUDWHVDUHVKRUWOLYHGDQGHLWKHUKDYH












 Relatively few studies have evaluated the effects of fuel re
duction treatments on invertebrates in dry coniferous forests.
These studies focused variously on communities of certain







DUWKURSRG UHVSRQVHV DFURVV D VLPLODU DUUD\ RI IXQFWLRQDO





DQGGLYHUVLW\ VSHFLHV DVVHPEODJHV ULFKQHVV HYHQQHVV$Q
increasing number of studies are examining mechanisms and
consequences of disturbance including fuel reduction treat







 7KH WKUHDW WRIRUHVWKHDOWKSRVHGE\RXWEUHDNVRIQDWLYH
VSHFLHVSDUWLFXODUO\LQVHFWVOLNHVRPHVSHFLHVRIEDUNEHHWOHV
DQG GHIROLDWRUV LV VRPHZKDW XQLTXH WR LQYHUWHEUDWHV 6LO
YLFXOWXUDOSUDFWLFHV VXFKDVSUHFRPPHUFLDO WKLQQLQJ WKDW
LPSURYHJURZLQJFRQGLWLRQVRIGHVLUHGWUHHVSHFLHVDQGVWDQG
health have long been considered one means of reducing the
ULVNDQGLPSDFWRIWKHVHGLVWXUEDQFHDJHQWV*DVWDQGRWKHUV
+RZHYHUWKHGLUHFWXVHRIIXHOUHGXFWLRQWUHDWPHQWV





and others 2002; Zabowski and others 2000). The success of
IXHOUHGXFWLRQWUHDWPHQWVDVLQVHFWSRSXODWLRQFRQWUROWDFWLFV






EHHQ IRXQG WRDIIHFWPRXQWDLQSLQHEHHWOH Dendroctonus 










QDWLYHDQGQRQQDWLYH WR IXHO UHGXFWLRQ WUHDWPHQWV$FURVV
LQYHUWHEUDWHJURXSVDQGIRUGLYHUVHHFRV\VWHPVWKHSURYLVLRQ
RIUHIXJLDOHDYLQJXQWUHDWHGDUHDVIURPZKLFKSRSXODWLRQV












LQFOXGLQJPLOOLSHGHV LVRSRGVPLWHV DQG VSULQJWDLOV DQG
WKRVHVSHFLHVDFWLYHO\LQYROYHGLQWKHGHFRPSRVLWLRQRIGHDG
YHJHWDWLRQLQFOXGLQJGRZQZRRGDQGVQDJVVXFKDVWHUPLWHV






the effects of fuel reduction treatments on detritivores and
GHFRPSRVHUVLQWKHVHIRUHVWV$VKDVEHHQVKRZQHOVHZKHUH
%DWWLJHOOLDQGRWKHUV*XQQDUVVRQDQGRWKHUV
1LZD DQG RWKHUV D E DQG6KRUW DQG1HJURQ 
K\SRWKHVL]HG WKDW WKLQQLQJ LV OLNHO\ WR KDYH D VXEVWDQWLDO




be more buffered from the effects of treatments than those in
WKHOLWWHUOD\HUV)RUH[DPSOHORQJWHUPHIIHFWVRIWKLQQLQJ
\HDUVSRVWWUHDWPHQWRQGHQVLWLHVRIPLFURLQYHUWHEUDWHV


















fuel reduction treatments (thinning alone and thinning with
SUHVFULEHGEXUQLQJFRPSDUHGWRXQWUHDWHGVWDQGV&KHQHWDO
6WXGLHVLQRWKHUHFRV\VWHPVKDYHVKRZQIXHOUHGXFWLRQ




changes in soil and litter invertebrates on ecosystem functions
IRUH[DPSOHQXWULHQWF\FOLQJLVQHHGHG
Predators
 Predatory invertebrates can be found throughout forest
KDELWDWV EXW IUHTXHQWO\ VWXGLHGSUHGDWRUV DUH WKRVHRI WKH
IRUHVW ÁRRU HVSHFLDOO\ VSLGHUV DQG FDUDELG EHHWOHV 7KHVH






















































than 13 years following fuel treatments. They conclude that
FDUDELGVPD\SURYLGHDXVHIXOLQGLFDWRURISRQGHURVDSLQH
VWDQGFRQGLWLRQVIROORZLQJIXHOWUHDWPHQWVRUZLOGÀUH
Forest Herbivores and Pollinators
 'HSHQGLQJ RQ WKH WLPLQJ RI IXHO UHGXFWLRQ WUHDWPHQWV
LQYHUWHEUDWHKHUELYRUHVDQGSROOLQDWRUV VXFKDVPRWKVDQG
EXWWHUÁLHV WKDW IHHG RQ DQG OLYH LQ OLYH YHJHWDWLRQ GXULQJ
some life stage can be immediately affected through direct
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PRUWDOLW\RU ORVVRI IRRGRUFRYHU ,Q WKH ORQJWHUP WKHVH
LQYHUWHEUDWHVPD\EHQHÀWIURPFKDQJHVLQVWUXFWXUDOGLYHU
sity caused by fuel reduction treatments that increase the
DPRXQWRI OLJKW UHDFKLQJ IROLDJHDQG WKH IRUHVWÁRRU7ZR
\HDUVDIWHUDWKLQQLQJWKDWUHPRYHGSHUFHQWRIWKHEDVDO
DUHDLQ\RXQJSRQGHURVDSLQHLQFHQWUDO2UHJRQDEXQGDQFH
RISDQGRUDPRWKVColoradia pandora) (which feed as larvae
RQSLQHIROLDJHZDVQRWDIIHFWHG5RVV+RZHYHUDGXOW




 IRXQG WKDW DGXOW EXWWHUÁ\ DEXQGDQFH DQG VSHFLHV




















(but see Forrester and others 2005).





DIIHFWV WKH UHVSRQVH 0DFKPHU  IRXQG D VXEVWDQWLDO















 6HYHUDO VWXGLHV H[DPLQLQJ HIIHFWV RI SUHVFULEHG ÀUH RQ
EDUN DQG ZRRG ERULQJ EHHWOHV IRXQG FRPSDUDEOH UHVXOWV
/RZLQWHQVLW\ ODWHVHDVRQ SUHVFULEHG ÀUH LQ -HIIUH\ SLQH
stands in the Sierra Nevadas resulted in a greater number of














followed tree mortality and beetle attacks for three years after
DVSULQJDQGVXPPHUZLOGÀUHDQGDIDOOSUHVFULEHGÀUH7KH\




burn and lowest in the fall burn. Wallin and others (2003) found
DSRVLWLYHUHODWLRQVKLSEHWZHHQFURZQVFRUFKDQGDWWHPSWHG




levels of endemic bark beetles regardless of treatment history
WKDWLVQRHYLGHQFHRIDQRXWEUHDNWKHVHWUHDWPHQWVLQFOXGHG















DERXW UHVSRQVHV WR IXHO WUHDWPHQWV DQG OLPLWV SUHGLFWLRQV
WR WKRVH VSHFLHV WKDW DUH ZHOOVWXGLHG DQG KDYH UHVSRQGHG
FRQVLVWHQWO\WRYDULRXVIXHOUHGXFWLRQWUHDWPHQWV,QJHQHUDO
VSHFLHVSUHIHUULQJRSHQKDELWDWVDQGVSHFLHVDVVRFLDWHGZLWK
HDUO\ VXFFHVVLRQDO YHJHWDWLRQ ZLOO OLNHO\ EHQHÀW IURP IXHO
UHGXFWLRQWUHDWPHQWVZKHUHDVWKRVHVSHFLHVWKDWSUHIHUFORVHG
FDQRS\IRUHVWVRUGHQVHXQGHUVWRU\ZLOOOLNHO\EHQHJDWLYHO\
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DIIHFWHGE\IXHOUHGXFWLRQV6SHFLHVWKDWDUHFORVHO\DVVRFLDWHG
with those habitat elements that will be removed or consumed
E\IXHOUHGXFWLRQVVXFKDVGRZQZRRGODUJHGLDPHWHUVQDJV
VPDOOGLDPHWHUWUHHVDQGVKUXEVZLOOH[SHULHQFHKDELWDWORVV




























 :KHQ\RXNQRZ 0XOWLSO\E\ 7RÀQG
 &HQWLPHWHUVFP  ,QFKHV
 0HWHUVP  )HHW
 .LORPHWHUVNP  0LOHV























ÀUH VXUURJDWH WUHDWPHQWHIIHFWVRQ OHDI OLWWHU DUWKURSRGV
LQDZHVWHUQ6LHUUD1HYDGDPL[HGFRQLIHU IRUHVW)RUHVW
(FRORJ\DQG0DQDJHPHQW
$UWPDQ 9/ 6XWKHUODQG (. 'RZQKRZHU -) 
3UHVFULEHG EXUQLQJ WR UHVWRUH PL[HGRDN FRPPXQLWLHV






thinning on snowshoe hare habitat use during winter in
ORZHOHYDWLRQPRQWDQHIRUHVWV&DQDGLDQ-RXUQDORI)RUHVW
5HVHDUFK
%DEELWW /+ %DEELWW &+ $ KHUSHWRORJLFDO VWXG\






6KRUWWHUP LPSDFWRI IRUHVW VRLO FRPSDFWLRQDQG




























































tat selection of western toads (Bufo boreas) in northeastern
2UHJRQ+HUSHWRORJLFDO&RQVHUYDWLRQDQG%LRORJ\




%XOO (/&ODUN$$ 6KHSKHUG -) D 6KRUWWHUP












%XOO (/ +HDWHU 7::HUW] 7 / D %ODFN EHDU
KDELWDWXVHLQQRUWKHDVWHUQ2UHJRQ:HVWHUQ%ODFN%HDU
:RUNVKRS
%XOO (/ +HDWHU 7: <RXQJEORRG $  $UERUHDO












%XQQHOO )/ )RUHVWGZHOOLQJ YHUWHEUDWH IDXQDV DQG
QDWXUDO ÀUH UHJLPHV LQ %ULWLVK &ROXPELD SDWWHUQV DQG
LPSOLFDWLRQV IRU FRQVHUYDWLRQ &RQVHUYDWLRQ %LRORJ\ 

%XQQHOO)/.UHPVDWHU//:LQG(0DQDJLQJ
WR VXVWDLQ YHUWHEUDWH ULFKQHVV LQ IRUHVWV RI WKH 3DFLÀF





%XU\ 5% &RUQ 36  5HVSRQVHV RI DTXDWLF DQG
VWUHDPVLGHDPSKLELDQV WR WLPEHUKDUYHVW D UHYLHZ ,Q
5DHGHNH .- HG 6WUHDPVLGH PDQDJHPHQW ULSDULDQ
wildlife and forestry interactions. Institute of Forest
5HVHDUFK

















WLRQ IRUDJLQJ EHKDYLRU DQG GLHWDU\ QXWULWLRQ RI HON LQ
EXUQHGDVSHQIRUHVW-RXUQDORI5DQJH0DQDJHPHQW

&DUH\ $%  ([SHULPHQWDO PDQLSXODWLRQ RI VSDWLDO
KHWHURJHQHLW\ LQ'RXJODVÀU IRUHVW HIIHFWV RQ VTXLUUHOV
)RUHVW(FRORJ\DQG0DQDJHPHQW
&DUH\$% 5HVSRQVH RI QRUWKHUQ Á\LQJ VTXLUUHOV
WR VXSSOHPHQWDU\ GHQV :LOGOLIH 6RFLHW\ %XOOHWLQ 

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&DUH\$%5HVWRUDWLRQRIODQGVFDSHIXQFWLRQUHVHUYHV
RUDFWLYHPDQDJHPHQW")RUHVWU\
&DUH\$% /LSSNH%5 6HVVLRQV - D ,QWHQWLRQDO










:RUNLQJ 3DSHU  6DQWD )H 101DWLRQDO &RPPXQLW\
)RUHVWU\&HQWHUS








&KDPEHUV &/ $OP 9 6LGHU 06 5DEH 0- 
8VHRIDUWLÀFLDOURRVWVE\IRUHVWGZHOOLQJEDWVLQQRUWKHUQ
$UL]RQD:LOGOLIH6RFLHW\%XOOHWLQ
&KDPEHUV &/ *HUPDLQH 66  9HUWHEUDWHV ,Q
)ULHGHULFL3HG(FRORJLFDOUHVWRUDWLRQRI6RXWKZHVWHUQ





















RI DQXUDQV LQ DERUHDO ODQGVFDSH LQÁXHQFHGE\ÀUH DQG
WLPEHUKDUYHVW(FRVFLHQFH




86'HSDUWPHQW RI$JULFXOWXUH )RUHVW 6HUYLFH 5RFN\











'H*UDDI 50 +HDO\:0 %URRNV 57  (IIHFWV







EHWZHHQ IRUHVW PDQDJHPHQW DQG DPSKLELDQ HFRORJ\ D






























(DVWRQ :( 0DUWLQ .  (IIHFWV RI WKLQQLQJ DQG
KHUELFLGHWUHDWPHQWVRQQHVWVLWHVHOHFWLRQE\VRQJELUGVLQ
\RXQJPDQDJHGIRUHVWV$XN
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+XJKHV 7-  (IIHFWV RIZLOG ÀUH RQ VPDOO GHVHUW
YHUWHEUDWHVHVSHFLDOO\GHVHUWWRUWRLVHGopherus agassizii).
7KH6RXWKZHVWHUQ1DWXUDOLVW
(YHUHWW 5 6FKHOOKDXV ' 6SXUEHFN ' 2KOVRQ 3




)LOLS *0 7RUJHUVHQ 75 3DUNV &* 0DVRQ 55
:LFNPDQ%,QVHFWVDQGGLVHDVHIDFWRUVLQWKH%OXH
































)UHQ]HO5: 1HVWVLWH RFFXSDQF\ QHVWLQJ VXFFHVV


















ation in restoring habitat for wildlife. Restoration Ecology.

*HUPDLQH +/ *HUPDLQH 66  )RUHVW UHVWRUDWLRQ







FRQGLWLRQ DQG UHVWRUDWLRQWUHDWHG SRQGHURVD SLQH IRUHVW
:LOGOLIH6RFLHW\%XOOHWLQ















the frillneck lizard (Chlamydosaurus kingii) in northern
$XVWUDOLD$XVWUDOLDQ-RXUQDORI(FRORJ\
*XQQDUVVRQ % 1LWWHUXV .:LUGHQDV 3  (IIHFWV




communities in commercially thinned and unthinned
'RXJODVÀU VWDQGV RIZHVWHUQ2UHJRQ:LOGOLIH 6RFLHW\
%XOOHWLQ
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.QR[6&&KDPEHUV&*HUPDLQH66+DELWDWDV
sociations of the sagebrush lizard (Sceloporus graciosus):
SRWHQWLDO UHVSRQVHV RI DQ HFWRWKHUP WR SRQGHURVD SLQH
IRUHVWUHVWRUDWLRQWUHDWPHQWV,Q9DQFH5.(GPLQVWHU
&% &DUOHWRQ % &RYLQJWRQ :: %ODNH - FRPSV
3RQGHURVDSLQHHFRV\VWHPVUHVWRUDWLRQDQGFRQVHUYDWLRQ
VWHSVWRZDUGVWHZDUGVKLS3URF505632JGHQ87
86'HSDUWPHQW RI$JULFXOWXUH )RUHVW 6HUYLFH 5RFN\
0RXQWDLQ5HVHDUFK6WDWLRQ
.RHKOHU*0+RUQRFNHU0*)LUHHIIHFWVRQPDUWHQ






















(IIHFWV RI KDELWDW FRPSOH[LW\ RQ IRUHVW EHHWOH GLYHUVLW\
GRIXQFWLRQDOJURXSVUHVSRQGFRQVLVWHQWO\"'LYHUVLW\DQG
'LVWULEXWLRQ
/HKPNXKO -) *RXOG /( &D]DUHV ( +RVIRUG '5
7UXIÁHDEXQGDQFHDQGP\FRSKDJ\E\QRUWKHUQÁ\
ing squirrels in eastern Washington forests. Forest Ecology
DQG0DQDJHPHQW
/HKPNXKO-).LVWOHU.'%HJOH\-6%XVK\WDLOHG
woodrat abundance in dry forests of eastern Washington.
-RXUQDORI0DPPDORJ\
/HKPNXKO -) .LVWOHU .' %HJOH\ -6 %RXODQJHU -
'HPRJUDSK\RI QRUWKHUQÁ\LQJ VTXLUUHOV LQIRUPV
ecosystem management of Western interior forests. Eco
ORJLFDO$SSOLFDWLRQV
/LOO\EULGJH 5.RYDOFKLN %:LOOLDPV & 6PLWK %*





PDQDJHPHQW LQ FKDSDUUDO ,Q 0RRQH\ +$ &RQUDG
(& HGV 3URFHHGLQJV RI WKH V\PSRVLXP RQ HQYLURQ










/LWW $5 3URYHQFKHU / 7DQQHU *: )UDQ] 5 
+HUSHWRIDXQDO UHVSRQVHV WR UHVWRUDWLRQ WUHDWPHQWV RI
ORQJOHDI SLQH VDQGKLOOV LQ)ORULGD5HVWRUDWLRQ(FRORJ\

/\RQ /- &UDZIRUG +6 &]XKDL ( )UHGULNVHQ 5/
+DUORZ)0HW]/-3HDUVRQ+$(IIHFWVRIÀUH







ecology and management of dead wood in Western forests.
*HQ7HFK5HS36:*75$OEDQ\&$86'HSDUW





























0F&RQQHOO %5 6PLWK -*  5HVSRQVH RI XQGHU
VWRU\ YHJHWDWLRQ WR SRQGHURVD SLQH WKLQQLQJ LQ HDVWHUQ
:DVKLQJWRQ-RXUQDORI5DQJH0DQDJHPHQW
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0F&XOORXJK'*:HUQHU5$1HXPDQQ')LUHDQG




























FKDQJHV LQGXFHG E\ HFRORJLFDO UHVWRUDWLRQ RI SRQGHURVD
SLQHIRUHVWVLQQRUWKHUQ$UL]RQD5HVWRUDWLRQ(FRORJ\

0H\HU 0' 1RUWK 03 .HOW '$  6KRUWWHUP
HIIHFWV RI ÀUH DQG IRUHVW WKLQQLQJ RQ WUXIÁH DEXQGDQFH




























































1LZD &* 6DQGTXLVW 5( &UDZIRUG 5 )UHVW 7-
*ULVZROG 7+DPPRQG 3 ,QJKDP( -DPHV 6 -R





















3DUNV &* &RQNOLQ'$ %HGQDU /0DIIHL+ 
:RRGSHFNHUXVHDQG IDOO UDWHVRI VQDJVFUHDWHGE\NLOO
LQJ SRQGHURVD SLQH LQIHFWHGZLWK GZDUIPLVWOHWRH 5HV
































































liminary results and a method for monitoring. Gen. Tech.
5HS36:*75%HUNHOH\&$86'HSDUWPHQWRI
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6DDE 9$ 'XGOH\ -  5HVSRQVHV RI FDYLW\QHVWLQJ
















ÁXHQFLQJ RFFXSDQF\ RI QHVW FDYLWLHV LQ UHFHQWO\ EXUQHG
IRUHVWV7KH&RQGRU
6DDE9$3RZHOO+':)LUHDQGDYLDQHFRORJ\LQ
1RUWK $PHULFD SURFHVV LQÁXHQFLQJ SDWWHUQ 6WXGLHV LQ
$YLDQ%LRORJ\




6DDE 9$ 9LHUOLQJ .7  5HSURGXFWLYH VXFFHVV RI
/HZLV·VZRRGSHFNHULQEXUQHGSLQHDQGFRWWRQZRRGULSDU
LDQIRUHVWV7KH&RQGRU
6DQFKH]0DUWLQH] * :DJQHU 05  %DUN EHHWOH
FRPPXQLW\ VWUXFWXUH XQGHU IRXU SRQGHURVD SLQH IRUHVW
stand conditions in northern Arizona. Forest Ecology and
0DQDJHPHQW
6DQGHUV1,PPHGLDWHHIIHFWVRIÀUHRQWKHLQYDVLYH


































of breeding bird abundance in relation to logging in western
/DEUDGRU. -RXUQDORI)RUHVW5HVHDUFK
6LQJK 6 6P\WK$.%ORPEHUJ 63  (IIHFW RI D
control burn on lizards and their structural environment in
DHXFDO\SWRSHQIRUHVW:LOGOLIH5HVHDUFK
6L['/9DQGHU0HHU0'H/XFD7+.ROE33LQH



































VWUXFWXUH DQG VPDOO PDPPDOV LQ \RXQJ ORGJHSROH SLQH
IRUHVW\HDUUHVXOWVDIWHUWKLQQLQJ(FRORJLFDO$SSOLFD
WLRQV
34 USDA Forest Service Gen. Tech. Rep. RMRS-GTR-173. 2006













86 'HSDUWPHQW RI $JULFXOWXUH 86 'HSDUWPHQW RI WKH
Interior; Western Governors Association. 2001. A col
















9UHHODQG -.7LHWMH:' 1XPHULFDO UHVSRQVH RI
VPDOO YHUWHEUDWHV WR SUHVFULEHG ÀUH LQ &DOLIRUQLD RDN
ZRRGODQG,Q)RUG:05XVVHOO.50RRUPDQ&(
HGV7KHUROHRIÀUHLQQRQJDPHZLOGOLIHPDQDJHPHQWDQG


























R. 2000. Timber harvesting residue treatment: Part 1.
5HVSRQVH RI FRQLIHU VHHGOLQJV VRLOV DQGPLFURFOLPDWH
)RUHVW(FRORJ\DQG0DQDJHPHQW
=DFN 6*HRUJH 7/ /DXGHQVOD\HU:) -U $UH
WKHUHVQDJVLQWKHV\VWHP"&RPSDULQJFDYLW\XVHDPRQJ
QHVWLQJELUGVLQ´VQDJULFKµDQG´VQDJSRRUµHDVWVLGHSLQH
IRUHVWV *HQ 7HFK 5HS 36:*75 %HUNHOH\ &$
86'HSDUWPHQW RI$JULFXOWXUH )RUHVW6HUYLFH3DFLÀF
6RXWKZHVW5HVHDUFK6WDWLRQ
=HWWOHU -$ 7D\ORU0' $OOHQ &5 6SLUD 73 




tion and technology to improve management, protection, and use of 
the forests and rangelands. Research is designed to meet the needs 
of National Forest managers, Federal and State agencies, public and 
private organizations, academic institutions, industry, and individuals. 
Studies accelerate solutions to problems involving ecosystems, 
UDQJHIRUHVWVZDWHUUHFUHDWLRQ¿UHUHVRXUFHLQYHQWRU\ODQGUHFODPD-
tion, community sustainability, forest engineering technology, multiple 
XVHHFRQRPLFVZLOGOLIHDQG¿VKKDELWDWDQGIRUHVWLQVHFWVDQGGLVHDVHV
Studies are conducted cooperatively, and applications may be found 
worldwide.
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7KH86'HSDUWPHQW RI$JULFXOWXUH 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